Objective. To investigate the efficacy and safety of lesinurad, a selective uric acid reabsorption inhibitor, in a 6 month, phase 3 clinical trial and extension study.
Introduction
Current guidelines for the chronic management of gout recommend maintenance of serum uric acid (sUA) levels <6.0 mg/dl or <5.0 mg/dl in cases of greater disease severity [1] . The first-line therapies recommended for patients with gout are allopurinol and febuxostat, xanthine oxidase inhibitors (XOIs) that block uric acid production [2] . If patients have an intolerance/contraindication to an XOI, treatment guidelines recommend substitution therapy with a uricosuric [1, 3] . Until recently, the only uricosuric available in the USA was probenecid, while only probenecid and benzbromarone were available in the European Union.
Lesinurad is a selective uric acid reabsorption inhibitor approved in the USA and the European Union at a 200 mg dose for use in combination with an XOI for the chronic treatment of hyperuricaemia associated with gout in patients who have not achieved target sUA levels with an XOI alone. Lesinurad inhibits the uric acid transporter URAT1, which is responsible for much of the uric acid reabsorbed from the renal tubular lumen [4] . By inhibiting URAT1, lesinurad increases uric acid excretion and lowers sUA [5, 6] . Therefore lesinurad in combination with an XOI provides a dual mechanism to lower sUA by increasing renal excretion of uric acid and reducing urate production.
An earlier 4-week, phase 2 clinical trial of lesinurad monotherapy demonstrated that lesinurad reduced sUA levels and increased the proportion of patients achieving target sUA levels compared with placebo [7] . This 6 month, phase 3 clinical trial and subsequent extension study investigated the efficacy and safety of lesinurad monotherapy at 400 mg daily in patients with gout who had an intolerance or contraindication to an XOI. Renal safety assessments were included since renal impairment is a common comorbidity in patients with gout [8] . Renal safety was also of special interest due to the increased uric acid excretion (uricuresis) that lesinurad causes. Uricuresis has the potential to induce microcrystallization of uric acid in renal tubules and/or the urinary system, which could manifest clinically as kidney stones and/or changes in kidney function [9] .
Methods

Patients
Male and female patients between 18 and 85 years of age with a BMI <45 kg/m 2 and a diagnosis of gout [10] were eligible. Patients had to have a history of intolerance or contraindication to allopurinol or febuxostat. sUA was required to be 56.5 mg/dl at the screening visit and at $7 days prior to the start of treatment on day 1.
Patients with a documented history or suspicion of kidney stones were excluded, as recommended by treatment guidelines [1, 3] . The complete inclusion and exclusion criteria are provided in supplementary Table S1 , available at Rheumatology Online.
Trial design
The Lesinurad Monotherapy in Gout Subjects Intolerant to Xanthine Oxidase Inhibitors (LIGHT) study was a phase 3, randomized, double-blind, multicentre, placebo-controlled study to evaluate the efficacy and safety of lesinurad 400 mg daily compared with placebo (ClinicalTrials.gov identifier NCT01508702). The study, conducted in North America, Europe, Australia, South Africa and New Zealand, included an approximate 28 day screening period (screening visit to day 1), a 6 month double-blind treatment period and a 14 day safety follow-up period if the patients were not enrolling in the extension study. Eligible patients were randomized 1:1 in a double-blind fashion to either placebo or oral lesinurad 400 mg once daily. Randomization was stratified by day 7 renal function [estimated creatinine clearance (eCrCl) 560 ml/min vs <60 ml/min calculated by the CockcroftGault formula using ideal body weight) and tophus status during screening (presence of one or more tophi vs absence of tophi). Randomization at study sites used a centralized interactive voice response system/interactive web response system. Doses of lesinurad or matching placebo were taken once daily in the morning with food and a cup of water. Patients were encouraged to drink 2 l of fluid a day and to remain well hydrated, in agreement with ACR guidelines [1] . Compliance with study medication was assessed by maintenance of dispensing records and verification of the returned medication packaging. Concomitant medication use was recorded at each study visit.
Gout flare prophylaxis was initiated on day 14 and consisted of colchicine (0.5 or 0.6 mg once daily, as available) or an NSAID, including cyclooxygenase 2 selective inhibitors, if patients were intolerant of or had a contraindication to colchicine. Gastroprotection with a proton pump inhibitor could be used in subjects who were receiving an NSAID, if indicated per local treatment guidelines. Gout flare prophylaxis was continued through month 5 unless patients became intolerant of prophylaxis.
The study was conducted in accordance with Independent Ethics Committee E6 Good Clinical Practice, the Declaration of Helsinki (October 2008) and all applicable local regulatory requirements. The study protocol, amendments and informed consent form were reviewed and approved by ethics committees before subjects were screened for entry into the study. Each patient provided written informed consent before the first trialrelated activity. The study was conducted between 3 February 2012 and 23 October 2013.
Evaluations
The primary endpoint was the proportion of patients with sUA <6.0 mg/dl at month 6. Secondary efficacy endpoints included the proportion of patients whose sUA level was <6.0 mg/dl, <5.0 mg/dl and <4.0 mg/dl at each visit; absolute and percent change from baseline in sUA levels at each visit and the proportion of patients with gout flares requiring treatment (GFRT) during month 6. Gout flares www.rheumatology.oxfordjournals.org were reported on a daily electronic patient diary (e-diary) that elicited the duration and extent of pain; presence of warmth, swelling or tenderness and any change in medication to treat the flare. Patients were assessed at baseline (day 1) and monthly from month 1 through month 6 for sUA data. Gout flares were assessed daily.
Safety assessments included treatment-emergent adverse events (TEAEs, coded by MedDRA version 14.0), clinical laboratory data, physical examination, ECG and vital signs. Adverse events (AEs) of special interest included renal and cardiovascular (CV) safety. Assessments of renal safety included renal-related and kidney stone TEAEs (supplementary Table S2 , available at Rheumatology Online) and clinical laboratory data including serum creatinine (sCr), eCrCl and urine protein:creatinine ratio.
Assessment of CV safety was included because of the high rates of CV disease and known CV risk factors (hypertension, hyperlipidaemia, diabetes mellitus) in patients with gout [11, 12] . An independent Cardiovascular Events Adjudication Committee routinely assessed AEs for potential CV relationships, with categorization into major adverse CV event (MACE) and non-MACE endpoints (supplementary Table S3 , available at Rheumatology Online) [13] .
Extension study
Patients who completed the double-blind treatment period (core study) were given the option to enrol in an open-label, uncontrolled extension study so that patients assigned to placebo could receive open-label lesinurad 400 mg once daily and those assigned to lesinurad could receive continued treatment with lesinurad 400 mg (ClinicalTrials.gov identifier NCT01650246). All patients were given gout flare prophylaxis for the first 2 months. The primary objective was to determine the long-term efficacy and safety of lesinurad monotherapy. Patients were assessed for sUA levels at baseline and monthly thereafter. Safety was assessed as in the core study.
Statistical analyses
All randomized patients who received at least one dose of randomized study medication were included in the intentto-treat population, which was the primary population for efficacy and safety assessments. Comparison of response proportions based on sUA levels between the lesinurad 400 mg and placebo groups was performed using the CochranMantelHaenszel test statistic, stratified by day 7 renal function and tophus status (present/absent) during screening. Results were summarized and expressed as proportions, corresponding adjusted 95% CIs of the difference between response rates, and P-values. Patients with missing values for any reason at month 6 were considered non-responders (non-responder imputation).
The mean change and mean percent change from baseline in sUA were analysed by a covariance model with baseline sUA as the covariate and adjusted for day 7 renal function and tophus status during screening.
Treatment difference in the mean rate of GFRT from baseline to the end of month 6 was analysed using a Wilcoxon rank-sum test, while the treatment difference in the proportion of patients with GFRT during month 6 was analysed with a CochranMantelHaenszel model adjusted for day 7 renal function and tophus status during screening.
Safety data were listed by treatment group and were not subjected to statistical hypothesis testing. TEAEs were coded by system organ class and preferred term and listed according to incidence, severity, relation to study medication and relation to discontinuation. Relative increases (51.5 times and 52.0 times the baseline level) in sCr were assessed [14, 15] . Baseline values were defined as the highest sCr value recorded 414 days prior to the first dose of study medication. Resolution of sCr elevation was defined as sCr 41.2 times the baseline level following elevation.
Approximately 200 patients were planned to be recruited, for an allocation of $100 to each treatment group. This sample size was calculated to provide $90% power to detect a difference in response rate between treatment groups if the placebo group had an 8% response rate and the lesinurad group had a response rate of 25% using Fisher's exact test, with a two-sided alpha level of 0.05.
sUA levels during the extension study were analysed using descriptive statistics by the core study treatment group (observed cases). Safety data are reported for the total extension study population.
Results
Patient disposition
Of the 360 patients screened (Fig. 1 ), 214 were randomized at 86 sites in North America, South Africa, Europe and Australasia. The remaining 146 patients were not randomized; 132 were screen failures and 14 withdrew consent. All 214 randomized patients received at least one dose of randomized study medication: 107 in the lesinurad 400 mg group and 107 in the placebo group. A total of 36 of 214 patients (16.8%) withdrew from the study: 23/107 (21.5%) in the lesinurad 400 mg group and 13/107 (12.2%) in the placebo group. The most common reasons for withdrawal were AEs (4.7%) and consent withdrawn (8.4%).
Baseline demographics and clinical history
Demographics and baseline disease characteristics were similar between the treatment groups ( Table 1) . Patients were predominately male (91.1%) and white (81.8%), with a mean age of 54.4 years (S.D. 12.3) and a BMI of 31.9 kg/m 2 (S.D. 5.4). The mean time since gout diagnosis was 11.2 years (S.D. 8.7) and baseline sUA levels were 9.3 mg/dl (S.D. 1.5). A total of 41.1% of patients had an eCrCl >90 ml/min, 41.1% had an eCrCl >60 and 490 ml/ min and 17.8% had an eCrCl <60 ml/min. The majority (69.6%) had a CV comorbidity or risk factor. A total of 25.2% of patients had tophi at screening, 91.1% of patients had an intolerance and/or a contraindication to allopurinol, 8.9% had an intolerance and/or a contraindication to febuxostat and 4.2% had an intolerance and/or a contraindication to both XOIs. Patients self-reported a mean of 6.2 flares (S.D. 7.3) in the 12 months prior to study entry.
Study medication
The proportion of patients exhibiting 580% compliance with study medications was 92.5% in the lesinurad 400 mg group and 97.2% in the placebo group.
Efficacy assessments
Primary endpoint of sUA response and secondary sUA endpoints
The proportion of patients who achieved sUA <6.0 mg/dl at month 6 was 29.9% in the lesinurad group and 1.9% in the placebo group (Fig. 2) . Significantly more patients treated with lesinurad achieved the primary endpoint compared with placebo (P < 0.0001). A greater proportion of patients treated with lesinurad also achieved sUA levels <5.0 mg/dl and <4.0 mg/dl at month 6 compared with the placebo group (Fig. 2) .
The proportion of patients who achieved sUA <6.0 mg/ dl was greater with lesinurad starting at month 1 and at each monthly visit through month 6 (P < 0.0001) (supplementary Fig. S1 , available at Rheumatology Online). Mean sUA levels were lower with lesinurad vs placebo at all time points (P < 0.0001, all comparisons of percent sUA change from baseline) (supplementary Fig. S1 , available at Rheumatology Online).
Secondary endpoint: gout flares
During month 6 (when patients were no longer receiving gout flare prophylaxis), the proportion of patients requiring treatment for a gout flare was similar for lesinurad and placebo (11.8 vs 14.6%; P = 0.68). The mean rate of GFRT was low ($0.25/month) and similar from months 1 to 6 for both groups.
Safety assessments
AEs
TEAEs were reported in 77.6% of patients in the lesinurad group and 65.4% in the placebo group (Table 2) . The majority of patients in both treatment groups had TEAEs with a maximum severity of grade 1 or 2 based on Rheumatology Common Toxicity Criteria [16] . The most common TEAEs in the lesinurad vs placebo groups were blood creatinine increased (8.4 vs 0%), constipation (5.6 vs 0%), renal impairment (4.7 vs 0%), diarrhoea (9.3 vs 5.6%) and nausea (6.5 vs 4.7%).
In the lesinurad vs placebo groups, the percentage of patients with TEAEs possibly related to randomized study medication was 29.9 vs 10.3%; with TEAEs leading to discontinuation of randomized study medication, 18.7 vs 5.6%; and with TEAEs leading to withdrawal from the study, 7.5 vs 2.8%.
Serious TEAEs were reported in 8.4% of patients in the lesinurad group and 3.7% in the placebo group. The only serious TEAEs that occurred in more than one patient in any treatment group were renal failure and renal failure acute (n = 2 patients each) in the lesinurad group. One patient died of unknown causes 100 days after his www.rheumatology.oxfordjournals.org last 40 day supply of lesinurad was dispensed. All serious TEAEs that were not renal related were comparable between groups.
Renal safety analysis
Renal-related TEAEs occurred in 17.8% of patients in the lesinurad group and none in the placebo group. Five (4.7%) patients experienced a renal-related SAE: two with renal failure, two with acute renal failure and one with renal impairment. Kidney stones were reported in one patient in the lesinurad group and none of the placebo group. sCr elevation 51.5 times baseline and 52.0 times baseline occurred in 24.3 and 8.4% of patients in the lesinurad group, respectively, and none in the placebo group. Resolution of sCr elevations 51.5 times and 52.0 times occurred by the last study assessment in 14/26 (53.9%) cases and 6/9 (66.7%) cases, respectively, with 12 cases and 3 cases unresolved at the last assessment in the core study.
The change in mean sCr value between baseline and month 6 was 0.23 mg/dl (S.D. 0.33) in the lesinurad group and 0.01 mg/dl (S.D. 0.10) in the placebo group. The change in mean eCrCl was À12.90 ml/min (S.D. 16.96) and À1.17 ml/min (S.D. 8.70) in the lesinurad and placebo groups, respectively, and the change in mean urine protein:creatinine ratio was 0.00 (S.D. 0.05) and À0.02 (S.D. 0.14).
CV safety analyses
One TEAE classified as a CV event was reported in each group. There was one death from unknown causes (adjudicated as a MACE event) in the lesinurad group 199 days after the first dose of lesinurad. The death was considered unexpected and was considered by the investigator and sponsor to be not related to lesinurad. One patient had a non-serious TEAE of angina pectoris in the placebo group. Both patients had one or more baseline CV comorbidities.
Other clinical laboratory tests and vital signs
Clinical laboratory test results, including haematology, serum chemistry parameters (excluding the renal laboratory results reported above) and urinalysis, were comparable between the treatment groups during the study.
There were no notable changes from baseline during the study in vital signs in either group.
Extension study
All subjects in the extension study were to take lesinurad 400 mg once daily for $24 months. Following the availability of the unblinded renal safety data from the core study and subsequent interactions with regulatory authorities in Germany and Canada and with the US Institutional Review Board, subjects in Germany, Canada and the USA were removed from the study. Only 11 of 143 patients were potentially eligible to continue on treatment in   FIG. 2 Percent of patients achieving serum uric acid targets by month 6 in the core study Non-responder imputation (intention-to-treat population). *P < 0.0001 vs PBO; **P = 0.0422 vs PBO. LESU: lesinurad; PBO: placebo. www.rheumatology.oxfordjournals.org other countries, therefore the study was terminated prematurely because of the limited scientific value.
A total of 143 of 162 patients (88.3%) who completed the core study enrolled in the open-label extension study: 65/72 (90.3%) from the lesinurad group and 78/90 (86.7%) from the placebo group. This population was generally representative of the entire core study population. In total, 84 patients [84/143 (58.7%)] completed 6 months in the extension study and 35 (24.5%) completed 12 months prior to study closure. The mean treatment compliance was 94.8% (S.D. 12.7). Figure 3 shows the mean (S.E.) percent change in sUA during both the core and extension studies. For patients from the core study who were on placebo previously, the mean change from baseline in sUA after 1 month on lesinurad in the extension study was À27.9% (S.E. 2.1) and sUA levels remained stable over the next 11 months, with the mean change from baseline ranging from À24.0 to À29.2%. For patients from the core study on lesinurad 400 mg, the change from baseline after 6 months in the core study was À28.5% (S.E. 2.6). sUA levels remained stable over the next 12 months of the extension study, with the mean change from baseline ranging from À25.8 to À33.7%. The proportion of patients with sUA <6.0 mg/ dl at any extension study visit was 67.9% for patients from the core study placebo group and 58.5% for those from the core study lesinurad group; 41.0 and 40.0%, respectively, had sUA <5.0 mg/dl and 15.4 and 7.7%, respectively, had sUA <4.0 mg/dl at any extension visit.
TEAEs occurred in the extension in a majority of patients (73.4%; Table 2 ) and were similar in patients from the core study placebo (75.6%) and lesinurad groups (70.8%). The most common TEAEs were blood creatinine increased (11.2%), upper respiratory tract infection (9.8%) and hypertension (7.0%). TEAEs possibly related to study medication occurred in 25.2% of patients, those that led to discontinuation of study medication in 16.8% and those that led to study withdrawal in 16.1%.
Renal-related TEAEs occurred in 16.8% of patients, with more events occurring in patients from the core study placebo group (19.2%) than the core study lesinurad group (13.8%). The most common renal-related TEAE was blood creatinine increased (11.2%), with more events occurring in patients from the core study placebo group (14.1%) than the core study lesinurad group (7.7%). Renal-related serious TEAEs occurred in two patients from the core study placebo group (renal failure and renal impairment). Kidney stone TEAEs occurred in 4.2% of patients, with more in patients from the core study placebo group (5.1%) than the core study lesinurad group (3.1%). A total of 30.8 and 6.3% of patients had sCr elevation 51.5 times and 52.0 times baseline, respectively. Resolution of sCr elevation 51.5 times and 52.0 times baseline occurred in 38/47 (80.9%) and 6/10 (60%) cases, respectively, with 9 cases and 4 cases unresolved at the last study assessment. Two MACE events (one death from an unknown cause and one non-fatal myocardial infarction) occurred during the extension study.
Discussion
LIGHT investigated the efficacy and safety of lesinurad monotherapy at 400 mg daily in patients with relatively   FIG. 3 Mean (S.E.) percent change in serum uric acid during the core and extension studies Observed cases (intention-to-treat population). LESU: lesinurad; PBO: placebo; sUA: serum uric acid.
severe gout (most had tophi present) who had elevated sUA levels and intolerance or contraindication to an XOI. Lesinurad 400 mg significantly increased the proportion of patients achieving the sUA target of <6.0 mg/dl at 6 months (29.9 vs 1.9% with placebo). The onset of sUA reduction achieved by lesinurad was rapid (by month 1). The reduction in sUA levels was maintained in the lesinurad group over the 6 month core study and throughout the $12 months of the extension study. These results are consistent with the phase 2 monotherapy study, where a significantly greater proportion of patients receiving lesinurad 400 mg compared with placebo achieved sUA <6.0 mg/dl after 4 weeks of dosing [7] .
The mean rate of GFRT was low initially due to co-administrated gout flare prophylaxis, and lesinurad 400 mg had no significant effect on the rate over the 6 month treatment period. Gout flares were not evaluated in the extension study.
Patients receiving lesinurad 400 mg had a higher incidence of TEAEs, grade 3 or 4 TEAEs, serious TEAEs and TEAEs that led to randomized study medication discontinuation compared with placebo. Renal-related TEAEs leading to discontinuation of randomized study medication and renal-related serious TEAEs were only observed in the lesinurad group, as were sCr elevations 51.5 times or 52.0 times baseline, and a number of elevations were unresolved at the last core study visit.
The mechanism of the sCr elevation associated with lesinurad is believed to be due to increased urinary excretion of uric acid, which has the potential to induce uric acid microcrystallization in the renal tubules that could manifest clinically as transient and reversible elevation in sCr. Although there is an absence of large, well-done clinical trials with either probenecid or benzbromarone (which is only available in certain markets), renal findings are believed to be more limited to renal stones; however, cases of acute renal failure have been reported to health authorities (i.e. US Food and Drug Administration MedWatch). With lesinurad, lower overall rates of sCr elevations and renal-related AEs have been observed in phase 3 trials when added in combination with an XOI [1719] . Patients on an XOI produce less uric acid, thereby excreting less uric acid and reducing the risk of microcrystallization when lesinurad is added.
Limitations to LIGHT include the short study duration, especially to assess gout flares as well as the longer-term safety and efficacy of lesinurad monotherapy. Other limitations include the use of just a single dosage level and the limited number of female patients and patients with moderate renal impairment.
In conclusion, nearly one-third of patients treated with lesinurad monotherapy at 400 mg once daily achieved an sUA <6.0 mg/dl at 6 months in this multinational study of patients with gout and intolerance or contraindication to an XOI. Sustained sUA lowering was maintained for up to 18 months. Due to the high incidence of serum creatinine elevations and renal-related AEs, including SAEs, observed in this study, an indication for the use of lesinurad 400 mg in patients with gout was not pursued for regulatory approval as either monotherapy or in combination with an XOI. The lesinurad 200 mg dose was approved for use in combination with an XOI.
